In order to evaluate the adherence of healthcare providers and parents to the current recommendations concerning fever and pain management, randomized samples of 500 healthcare providers caring for children and 500 families were asked to complete an anonymous questionnaire. The 378 health care providers (HCPs) responding to the survey (75.6%) included 144 primary care pediatricians (38.1%), 98 hospital pediatricians (25.9%), 62 pediatric residents (16.4%), and 71 pediatric nurses (19.6%); the 464 responding parents (92.8%) included 175 whose youngest (or only) child was ď5 years old (37.7%), 175 whose youngest (or only) child was aged 6-10 years (37.7%), and 114 whose youngest (or only) child was aged 11-14 years (24.6%). There were gaps in the knowledge of both healthcare providers and parents. Global adherence to the guidelines was lower among the pediatric nurses than the other healthcare providers (odds ratio 0.875; 95% confidence interval 0.795-0.964). Among the parents, those of children aged 6-10 and 11-14 years old, those who were older, and those without a degree answered the questions correctly significantly less frequently than the others. These findings suggest that there is an urgent need to improve the dissemination of the current recommendations concerning fever and pain management among healthcare providers and parents in order to avoid mistaken and sometimes risky attitudes, common therapeutic errors, and the unnecessary overloading of emergency department resources. Pediatric nurses and parents with older children, those who are older, and those with a lower educational level should be the priority targets of educational programmes.
Introduction
Fever and pain are frequent in infants and children of all ages, and represent more than 30% of all of the complaints referred to pediatricians [1] [2] [3] . It is well known that fever is part of the body's natural response to infections and inflammatory or immunological disorders [4] . As it is still a cause of considerable concern for health care providers (HCPs) and parents [1, 5, 6] , efforts have been made to provide guidelines for its management throughout the world [2, 7] . For example, the Italian Society of Pediatrics has recently updated its 2009 Italian Fever Guideline (an evidence-based document on fever management in childhood) [8, 9] , but, despite a national dissemination campaign of conferences, courses, and web-based strategies, surveys of small convenience samples of Italian pediatricians have shown that there is still considerable variability in approaches that lead to erroneous medical and parental behaviours [10] [11] [12] .
Pediatric pain is mainly experienced in association with an illness or injury, and there is growing concern about its potentially adverse long-term effects on the developing brain [13] [14] [15] [16] . Although various standardised means of pain assessment and treatment have been proposed [15, 17] , it has been shown that too many children still experience under-recognised and under-treated pain [17] . The aim of this survey was to evaluate views and practices of HCPs and children's parents, and their adherence to the current recommendations.
Methods

Study Design and Study Population
This cross-sectional study was carried out between 15 November 2014 and 15 February 2015, after the protocol had been approved by the Ethics Committee of the Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy (Project identification code: 850-2014). The written informed consent of the HCPs or parents who completed the questionnaire was obtained.
A random sample of 500 HCPs involved in pediatric care (primary care pediatricians, hospital pediatricians, residents in pediatrics, and pediatric nurses) in Lombardy, Italy, and 500 families with children aged <15 years living in the same region but not necessarily patients of the random sample of HCPs were invited to participate in the survey by means of an e-mail sent approximately 30 days before the beginning of the study. HCPs were selected using a computer-based list among those living and working in Lombardy Region who attended the 33rd National Congress of Antibiotic Therapy in Pediatric Age who was held in Milan, Italy, from 29 October 2014 to 31 October 2014. Families were selected using a computer-based list among those who attended the Children's Outpatient Clinic of the Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy, from 1 September 2014 to 31 October 2014; the inclusion criteria included an adequate knowledge of Italian and exclusion criteria the presence of siblings with chronic diseases. A monthly reminder was sent in order to encourage the HCPs and parents to answer the questionnaire, which was eventually completed by 378 HCPs (75.6%) and 464 parents (92.8%). The monthly reminder by e-mail was the only used strategy for encouraging participation; no compensation was provided to HCPs and families who filled in the questionnaire. The high response rate to the survey among families could be explained by the fact that the study was proposed by the Outpatient Clinic that regularly followed their children and that is the main Pediatric Clinic in Lombardy Region.
Questionnaires
Each group was administered a different anonymous questionnaire consisting of three main sections (one for personal and demographic data, the second dealing with the management of fever, and the third with the management of pain), and adapted to the respondents in terms of content and terminology. Questionnaires were developed according to criteria described by Boynton et al. [18] . The multiple-choice questions, which were prepared by a pediatrician expert in pediatric infectious diseases (Susanna Esposito) and tested on a pilot sample of 20 HCPs and 20 parents) reflected the revised Italian guideline for fever management [9] and guidance on pain control [17] . All the questions and possible answers are included in Tables 1-6 . The pilot sample enrolled for the validation procedure was not included in the random sample considered in the final statistical analysis. The questionnaire was written in Italian and it was translated in English for this publication by an English native speaker. The correct answers according to the Italian Pediatric Society's guidelines for the management of fever and the significant p-values are written in bold. 
Statistical Analysis
The number and corresponding percentage of the occurrence of responses to each question were recorded and compared among groups of HCPs and among groups of parents using chi squared test corrected for the presence of multiple responses for subject [19] . The median value and range of age were recorded and their distribution was compared among groups of HCPs and among groups of parents using a two-sided Kruskal Wallis test after checking that they were normally distributed by means of the Shapiro-Wilk statistic. A p-value < 0.05 was considered statistically significant.
With regards to HCPs, comparisons were performed among primary care paediatricians, hospital paediatricians, residents in paediatrics, and pediatric nurses. With regards to parents, comparisons were performed among those with at least one sibling ď5 years old, 6-10 years old and 11-14 years old. In case of more than one child, the age of the youngest child was considered.
Poisson's regression analysis was used to evaluate the associations between the number of correct answers according to the Italian guidelines and background data (i.e., gender, age, and role in the HCPs' group and gender, parents' age, child's age, and education in parents' group). The associations between correct answers to the individual questions and the participants' background data (all used for correction) were assessed by means of multiple logistic regression analysis with covariates additive effects. All of the statistical analyses were made using R software version 3.1.1 (R Development Core Team, Vienna, Austria), with the package multiple response categorical variable (MRCV) added. (19.6%) . The majority (297/378, 78.57%) were women, and worked in a principal city (241/378, 63.76%). Median age was significantly different among groups of HCPs (p < 0.001), whereas gender distribution was similar in all of the groups.
Results
Questionnaire Administered to Healthcare Providers (HCPs)
A higher percentage of residents and nurses worked in a principal city hospital in comparison with primary care paediatricians and hospital paediatricians (90.32% and 78.38% vs. 47.22% and 60.2% respectively). Overall, 33.7% of hospital paediatricians and 29.9% of primary care paediatrician had an additional medical specialty other than paediatrics, whereas the corresponding percentage among residents and nurses were very low (4.8% and 2.7%). Table 2 shows the HCPs' attitudes towards and knowledge of fever management. A higher percentage of residents and nurses recommended the use of an electronic thermometer and evaluation of axillary temperature, and a higher percentage of hospital pediatricians defined fever as an axillary temperature of ě37.9˝C (although many of the participants in all of the groups wrongly answered this question). Most of the respondents (311/378, 82.28%) prescribed oral paracetamol as the first-line antipyretic but, in comparison with the other groups, the pediatric nurses recommended oral paracetamol less frequently, and many of them recommended rectal paracetamol. The majority of respondents who prescribed paracetamol as the first-choice drug did so because it is better tolerated than ibuprofen, whereas the main reason for prescribing ibuprofen was because it is considered more efficacious than paracetamol and substantially similarly tolerated. Many of the respondents did not know the recommended childhood doses of paracetamol and ibuprofen, with more pediatric nurses giving wrong answers to both questions. A minority of respondents recommended alternating paracetamol and ibuprofen (58/378, 15.34%), with no difference between the groups. In terms of drug safety, pediatric nurses were less frequently aware that the main paracetamol-related adverse event is hepatotoxicity and that the main ibuprofen-related adverse event is gastric involvement. Table 3 summarises how the HCPs managed pediatric pain. In comparison with all of the other groups, fewer pediatric residents and primary care paediatricians tried to quantify pain in comparison with nurses and hospital pediatricians. Most of the respondents (347/378, 91.8%) knew how to quantify pain in an infant, but fewer (260/378, 68.78%) knew how to do so in a child aged 3-4 years. However, this was known by more residents than the members of the other groups, and more residents also knew that pain management is related to pain intensity (p = 0.036), and prescribed paracetamol for mild-to-moderate pain. Nevertheless, paracetamol was considered the first-line drug for managing this type of pain by most of the respondents as a whole (332/378, 87.83%).
The Poisson regression analysis showed that global adherence to the guidelines was lower among the pediatric nurses than among the primary care paediatricians (odds ratio (OR) 0.875; 95% confidence interval (CI) 0.795-0.964), whereas there was no significant difference between the other two groups. Furthermore, there was no relationship between adherence and age, gender, the number of years of practice, or working location.
The associations between the correct answers to individual questions and the participants' baseline data, which were assessed by means of multiple logistic regression analysis with covariates additive effects, showed that, in comparison with primary care pediatricians, pediatric nurses correctly answered the questions related to the recommended drug for fever management (OR 0.272; 95% CI 0.137-0.542), paracetamol dosage (OR 0.283; 95% CI 0.144-0.555), and the main adverse event associated with ibuprofen (OR 0.477; 95% CI 0.248-0.918) significantly less frequently, and that hospital pediatricians quantified pain significantly more frequently (OR 5.0003; 95% CI 1.043-24.004). Interestingly, increasing age significantly decreased the probability of knowing that hepatotoxicity was the main paracetamol-related adverse event (OR 0.947; 95% CI 0.916-0.979) and how to quantify pain in children aged 3-4 years (OR 0.928; 95% CI 0.928-0.977). Table 4 shows the demographic characteristics of the 464 responding parents: 175 whose youngest or only child was ď5 years old (37.7%), 175 whose youngest or only child was aged 6-10 years (37.7%), and 114 whose youngest or only child was aged 11-14 years (24.6%). The majority were Caucasian (433/464, 93.32%), mothers (373/464, 80.39%), had one child (251/464, 66.58%), and lived in a provincial capital (309/464, 66.59%). Parents age was significantly different among groups (p < 0.001), with increasing parents age at increasing children age. Parents of children ď5 years old had more often only one sibling. The remaining demographic characteristics were no statistically different among different groups. Table 5 shows parental fever management. In comparison with the other groups, the parents whose youngest or only child was ď5 years old were more aware that an electronic thermometer is the recommended means of measuring childhood temperature, more frequently consulted a pediatrician in the case of a febrile child, less frequently used physical means to reduce fever, more frequently knew that the main ibuprofen-related adverse event is gastric involvement, less frequently knew that fever should be evaluated by means of axillary temperature, more frequently preferred the rectal administration of paracetamol, and more frequently alternated the administration of paracetamol and ibuprofen. Paracetamol was the most frequently prescribed antipyretic in all of the groups (409/464, 88.15%), but the minority of the parents who used paracetamol (112/409, 27.38%) knew that it is potentially toxic, and only 60/409 (14.67%) knew that the main paracetamol-related adverse event is hepatotoxicity. The families had the possibility to request by e-mail a clarification for medical terms if unclear, but nobody asked a clarification. Table 6 shows how the parents considered and managed their children's pain. Most of them (235/464, 50.65%) considered pain educational, knew how to recognise it (324/464, 69.83%), and used paracetamol as the first-line drug to manage mild-to-moderate pain (363/464, 78.23%). Also for this section, the families had the possibility to request by e-mail a clarification for medical terms if unclear, but nobody asked a clarification.
Questionnaire Administered to Parents
The Poisson regression analysis showed that the parents' knowledge of the guidelines concerning the management of fever and pain was not significantly influenced by their age, gender or education, or the age of their children. The associations between correct answers to the individual questions and the parents' baseline data, which were assessed by means of multiple logistic regression analysis with covariates additive effects, showed that the question concerning which thermometer should be used to measure fever was correctly answered significantly less frequently by the parents whose youngest or only child was 6-10 (OR 0.438 and 95% CI 0.264-0.727) or 11-14 years old (OR 0.435 and 95% CI 0.226-0.835) compared to parents of children ď5 years, as was the question concerning the alternation of paracetamol and ibuprofen (OR respectively 0.31 (95% CI 0.143-0.673) and 0.278 (95% CI 0.103-0.748)); however, the same groups significantly more frequently correctly answered the question concerning the site of measuring fever (OR respectively 3.91 (95% CI 2.35-6.505) and 10.188 (95% CI 4.578-22.674)). The parents whose youngest or only child was 11-14 years old also significantly less frequently correctly answered the question concerning the need to consult a pediatrician before administering an antipyretic (OR 0.381; 95% CI 0.196-0.74) and the use of physical means in addition to antipyretics to reduce fever (OR 0.434 and 95% CI 0.231-0.815). Older age was associated with fewer correct answers to the question concerning the thermometer that should be used to measure fever (OR 0.947; 95% CI 0.907-0.989). The parents who had a degree correctly answered the question concerning the need to consult a pediatrician when a child has fever significantly less frequently (OR 0.318; 95% CI 0.213-0.475), but correctly answered the questions concerning the first approach to fever (OR 1.471; 95% CI 1.006-2.151) and the preferred route of administering of antipyretics (OR 1.772; 95% CI 1.148-2.735) significantly more frequently.
Discussion
The findings of this study show that the attitudes of HCPs and parents in management of childhood fever and pain are not in line with current recommendations. Interestingly, they also show that the main educational interventions should concentrate on pediatric nurses and older parents, and those with older children or a lower educational level.
Like those of previous studies [3, 5, 10, 20] , our data indicate that neither the HCPs nor the parents had a clear idea as to how to define fever and, although the majority of parents considered it a defence mechanism, a substantial number considered it a sign of disease that should only be eliminated if high. In order to improve their approach to this clinical sign, parents need to be clearly informed that it has been extensively proved that the main goal when treating a feverish child is to reduce illness-related pain or discomfort (i.e., sore throat associated with pharyngotonsillitis) [21] .
In line with the pediatric guidelines [8, 9, 17, 22] , most of the HCPs and parents recommended the use of paracetamol as the first-line drug for treating fever and mild-to-moderate pain. However, the route of administration and dose were not appropriate in a number of cases: as found in other studies [10] , many nurses and parents preferred rectal administration over the recommended oral administration, and there was considerable variability in the dose recommended by HCPs, whereas De Martino et al. have recently shown that optimal efficacy and safety can be achieved with an oral dose of 15 mg/kg every 4-6 h [23] . This finding is quite interesting both for designing further studies assessing compliance to different formulations as well as for manufacturers in order to focus their attention on the preferred formulations. Furthermore, the HCPs often prescribe a higher than recommended dose of ibuprofen, the alternative to paracetamol [24] , thus underlining the risk of drug misuse [25] . A Scottish study has recently found similar misdosing and suggested that many prescriptions by general practitioners contain errors [26] . Furthermore, only a minority of our parents were adequately informed about paracetamol-associated adverse events. Furthermore, it has been shown that paracetamol is one of the four medications most frequently involved in pediatric overdosing [27] . Regarding ibuprofen, it is important to highlight that although gastritis and gastrointestinal bleeding are the most frequent side effects, renal insufficiency may be the most severe side effect [28] .
Some HCPs and parents recommended the alternate administration of paracetamol and ibuprofen as a means of reducing fever despite the fact that it has been shown to be less safe and not more efficacious [29, 30] : furthermore, the majority of parents still use physical means as a first step in reducing fever despite the lack of evidence that it leads to any benefit [9, 21] . The proportion of parents that stated to use physical means is extremely high and deserves attention for educational programmes.
Our findings suggest that pediatric pain might be under-recognised and consequently undertreated but, in comparison with a similar Canadian survey [31] , revealed an improvement in overall pain management. Although some questions do not have really mutually exclusive answers and the choice of the analgesis drug should be driven by different aspects, parental understanding of the long-term consequences and neurodevelopmental outcomes of pediatric pain seems still inadequate.
Interestingly, the results of the Poisson regression and multiple regression analyses of the HCPs showed that pediatric nurses knew least about fever and pain management. Given their continuous contact with children during hospitalisation and the fact that they manage the administration of antipyretics and analgesics, this indicates that they should be the primary target of educational programmes.
The multiple regression analyses of the parents showed that those with older children tend to answer less correctly than those with younger children. Parental educational level seems to play a positive role in improving concordance with the guidelines. In the case of fever, the parents with a higher educational level seemed to be more prepared and more ready to administer the right drug using the correct route of administration. However, as they tend to act independently without consulting their pediatrician, they run a greater risk of drug misdosing.
Overall, our findings indicate that there is still a need to improve the knowledge of HCPs and parents concerning the management of fever and pain management not only to guarantee children's health, but also to reduce the unnecessary overloading of pediatric emergency departments. There is therefore a need for educational interventions and adequate counseling, which should mainly be aimed at pediatric nurses and older and less educated parents, and those with older children, and be followed by further studies to evaluate their effectiveness.
The main limitations of this study are that it is based on self-reported evaluations rather than observed real life practice [20] , we did not use questions derived from previous studies, survey validation was performed in a limited sample of HCPs and families, the questionnaire was performed in HCPs and families living in only one Italian Region, and no answer was provided to a part of questions. However, the results obtained were quite similar in the two groups of respondents and seem to be useful for preparing and implementing educational programmes. In addition, replication of this study appears possible in other settings where guidelines for the care of febrile children and children with pain are available in order to optimize educational programmes on these topics.
Conclusions
The findings of our survey suggest that there is an urgent need to improve the dissemination of the current recommendations concerning the management of fever and pain among HCPs and parents in order to avoid mistaken and sometimes risky attitudes, common therapeutic errors, and the unnecessary overloading of emergency department resources. Pediatric nurses and parents with older children, those who are older, and those with a lower educational level should be the priority targets of educational programmes. Author Contributions: Genny Raffaeli wrote the first draft of the manuscript; Annalisa Orenti made the statistical analysis; Monia Gambino and Walter Peves Rios entered the data; Samantha Bosis, Sonia Bianchini and Claudia Tagliabue enrolled the HCPs and parents; Susanna Esposito designed the study, prepared the questionnaire, supervised the enrolment, and co-wrote the text. All of the authors read and approved the final version of the manuscript.
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